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IMPROVED. 


Where it is plainly wade appear, "I a 


much leſs than the uſual Draught of Horſes, 
Se. will be requir d, in Waggons, Carts, 
Coaches, and all other Wheel Vehicles, as 


likewiſe all Water-Mills, Wind- Mills and 
Hor ſe-Mills. 


This Method being found od in PraQice, * the 


trial of a Coach and Cart already made, ſhews Of 
what great Advantage it may be to all Farmers, 
Carriers, Maſons, Miners, Sc. and to the Publick : 
in general, by ſaving them one half of the Expences 


they are now at in the Draught of theſe Vehicles, 85 


according to the common Method. 


T he whole illuſtrated with Copper Plates. 0 


And e an Explanation of the Structure of a Coach and 


Cart, ee to this Method, 


By JACOB ROW E. Bly; 
LONDON: 


Printed for ALEXaNDER LOS under Tom's Coffee-houſe 


in Kiel. Street Covent Garden. M DCC XXXIV. 
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ADVERTISEMENT. 


"HE Author has obtained a Patent from 
1 his Majeſty, inveſting him with the fole 
Right and Property of making and vending 


.--- all the- uſeful Machines deſcribed | in this. 8 
; Treatiſe, e 
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Fr FR Y body is e 2 2 the | ll 


occafroned hy Friction, or the mutual rubbing 
of the Parts in the mechanic Powers, is /o very 
conſiderable, that we have been ſeeking out for a 
remedy theſe many years faſt; ſuch for inflance 
as has been practiſed at Sea in weighing of An- 
22 Rollers variouſly applied, and a great ma- 
ny other ſuch contrivances in different caſes. 
From all which it appears to me that moſt People 
 bave imagined the Friftion to be owing more to 
the quantity of Surface in which the parts of 
a Machine touch, than to the Preſſure or 
II. eight; whereas I have proved the contrary 
by many Experiments, And I may further juſtly 
obſerve, that if the nature of Friction had beeg 
/o far conſidered as to diſcover the general me- 
thod of diminiſhing it, they could not but have 
applied it to Wheel. een Blocks at Sea, 
and muſs Mechanic Engines, 713 order to have 
"0 ved great charges and hard labour. 
Ii drawing a /Vheel Carriage on plaingr nd : 
| the Force to be overcome by the Draught is the 
 Friftionof | the Pevets on 1 Made, which by my. 


contrivance is fo far diminifſf, hed as to give a 5 
1Wheel. 3 
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Ms peel Carriage the ſame advantage oder the 
Cammon Ones as they have over a Sledge or a 
Carriage which drags along, and has no IT heels 
at all; this is the caſe let the Load be never / 
great, Toa as the Road be plain and level, And 
eden up a Hill of a common Reepneſs a Horſe 
can draw as much as two in the old way; nay, 
as much as a Team up a very Heep Hill by an 
additional improvement of mine. 
= It is now about ſeven years fince I wrote this 
T; eatiſe, juſt as it now appears, which T com- 
 municated to ſeveral Friends, particularly Ro- 


i bert Bruce of Sunbrough Es; aud Mr. Willi- | 


am Evans Shipwright in Deptford in the year 


1727, from whom [ had the ſatisfaction to find 5 
that the Principles on which I proceed were ap- 
| proved of as ſolid and true. And about two 


15 years ago I had Models made, which ſhewed t that 


-- tbe Prat ice agreed 23 with the Theory, 1 
then perfo ormed the Experiments. before 7 4 
Perſons of Quality ty, and had their countenance. 
and approbation 2 far, that they adviſed Mme 10 
take out a Patent for my Trrventions, part * 


hich 1 have here deſcr ted according to the 
"oy my FI"; | 


INTRODUCTION. 


"QF. THE 


DEFINITION of FRICT ION. 


or accidental: Accidental is what is occaſioned 


by the roughneſs or the unevenneſs of the 
Surfaces of the rubbing Bodics; and is there- 
fore more or leſs as the ſaid Surfaces a: TE: 


more Or le uneven: ſo that very enen or 
well poliſhed Bodies may be fa: d to have 


little or no Friction, but what may be then 


called natural Friction; which latter will al- 


ways be greater Or ck: according as the rub- 


| bing Bodies bear more or lefs Weight or Prei- 


ſure « on each other's Surfaces ; which W cight 


or Preſſure will occaſion confiderable Clogs 


or Obſtructions in the operation of all me- 


chanic Powers where Wheels or Pullies are 


conc erned; which Obſtructions or Frict tion 


J. cob 


RICTION is the Reſiſtances made 
between the Surfaces of any Bodies 
rubbing on each other by any fort of 
Motion; and 18 of two kinds, either natural 


doth wholly lie on the Pevets of the ſaid 


Wheels or Pullies; and to know the ex- 
act Proportion of "the ſaid Friction againſt 


the whole Power to be raiſed, three things 
mult be duly conſidered ; viz. Firſt, the whole : 
Weight that the W heel or Pulley doth bear 


on the Pevets of its Axis : Secondly, the Se- 
midiameter of the Axis in the Pevets; and 


| Thirdly, the Diſtance of the point of Ac- 
tion from the Center of the Axis: and then 
the Proportion will be; as the acting Diſtance 
is to the Semidiameter of the Axis in the 
5 Pevets, fo is the whole Weight reſting on... 
the Pevets to the reſiſtance made by the 
Friction thercof; as is demonſtrated in the | 
1 Charter. „ 


*S & 


CHA . | 

I raiſing any Power by N bod, Pulley, 
IWinch or Windlaſs to ditermine the re- 
Mance made by the Friction of their Povets. 


IN Plate the Iſt let Figure Iſt repreſent a 
large loaded Wheel whoſe Weight or 
n on its Peyets (at 6 and c) 1 ſup- 
poſe to be 2000 or a Tun; whereby the 
ſaid Wheel is in a manner held faſt at the 


bearing Lines of the ſaid Pevets, as by a Power 


| 7 
Pcwer as before mentioned 1 


equal to 200 pound weight, which Power 
lying in the Surface of the Axis, cannot be 


balanced by any other Power acting in the 


ſame Surface (endeavouring to- turn the Axis) 
under 2000 pou before the bearing Lines 
of the Pevets will begin to yield or to turn 
out of their ſtation to give place to ne- 


108 


be: ring Lines, at which time the Axis will . 


bear on one fide of the Groove or Paſſage 
the Wheel turns in (on one of its Fulcrum 
Lines & or 7 which Fulcr 


crums are always 
on the lides of the 1 Pevets at the diſtance 


5 a Quadrant from the bearing Lines) at th 
rate of full 2000 pound; ſo, that if 9 lame 
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(4) 


diſtance from the Axis than at the Surface 


thereof, the ſaid Power will then be able to 


_ over-balance the Friction by as much as the 


remote diſtance is proportionably greater 


than the diſtance from the Surface of the 


Axis to the Center thereof; which 1s the 


pi roperty of the Leaver, An may be better 


underſtood from conſidering the different 


eſtect of the ſame Power acted in the Cir- 
cumference of concentric Circles as follows, 


TT: 28. Sur ppoſe d, ich is the Center of the 
great Wher! s Axis to be likewiſe the Center 


of three concentric Circles, the Radii of the 


ſcmalleſt equal to de, equal to the Semidiameter 
ol the Wheel's Axis in the Pevets, the Radii 


of the ſecond Circle d }, equal to five de, 
and the Radii of the largeſt d g, equal to 


ten d e, of the ſaid Semidiameters: and 
then 6 5, being the bearing Line of the 
Pevets, at + in ak löttle Wheel's Periphery 
(or at the Surface of the heavy Wheel's Axis) 
| ſuppoſe the lame to be held faſt by a Power 
to prevent the turning of the Axis equal to 
the Friction qual to 2000 pound) then, it is 
certain that in the little Wheel's Periphery no 
5 Balance or Power leſs than a Tun is able to ba- 


lance 


r 


LE 


1 the ſaid Friction; but at the Diſtance of T 


in the Periphery of the ſecond Circle (accor d- 


ing to the property of the Leaver imagining 
d to be the Fulcrum) a Force acted equal 0 


but 400 will balance 2000 at 5; and a 
Power equal to 200 acted at g, will balance 
the faid 2000 at Y. Or the ſame may be 


conceived from the nature of the Still-yard, | 


imagining d to be the center Pin, and dg 

to be the Beam having 2000 weight hung 5 
at /; and then it is plain, that the ſaid 
20 weight will be balanced at e with 


2000, at 5 with 400, at & with 200; and 


5 — cach cale it is very zilble that, 


As the acting diſtance from the Center 


of the Axis is to the sSemidiameter of the 
Pevets, ſo is the whole weight reſting there- 
on to the reſiſtance made by the Friction 
5 which was to be proved. : 


CHA Pc: 


(6) 
CHAP. II. 


Shewing the manner of cancelling or reducing 
the Friction of any Wheel, Pulley, Wind- 
is &c, 720 the * degree of Perception. 


8 the Friction is cauſed by the Reſiſtance 
of a dead and fixed Surface on which 

the Pevets of any Wheel, &c. do reſt, ſo 
can there be no other way of cancelling the 


ſaid impediment but by cauſing the ſaid Pe- 


vets or the end of the Axis to turn on the 


Vertex or Top of other Wheels; which 


Wheels ſerving only for this purpoſe may be 


7 properly called pevet or friction Wheels: And, 


dy encreaſing the number of theſe eon 8 
Wheels (one under the 6ther) ſo as their e- 


N vets may alſo reſt and turn round on the Ver- 


tex or Top of each other except the Pevets 


pf the laſt which muſt turn on a dead Sur- 
face as common) the Friction of any great 


and heavy Wheel may be reduced to b 
| low eſt degree of Perception. 


7 
EXA I. 


UPPOSE in Figure the 11d of Plate 
the Iſt the Pevets of a great Wheel 9 
reſt each of them on the top of the two other 

| Wheels at a, and at 5, by falling into the Pil- 
lars or Stands on which the great Wheel is 
ſupported, which Wheel I ſuppoſe to weigh or 
preſs on its Pevets at the rate of a Tun or 
2000 pound: and ſuppoſing the ſame to 
be turned by the Handle c, at the Diſtance 
of ten Semidiameters of the Axis from its 

Center; then, according to what is prov ed 
in the firſt Chapter, it will require a Force 
equal to 200 pound to turn the Wheel; 
but here the property is quite altered, for 
the whole weight of the great Wheel 1s now 
ſu pported by the Pevets of the two Friction 
Wheels, each bearing 1000 pound weight 
on its Pevets: and ſuppoſing the. Semidia- 
meter of each Friction Wheel to contain 100 
Semidiamcters of their Axis in the Pevets ; 


then, by what is demonſtrated in the firſt 


Chapter, its very plain, that the force of ten 
pound in the Periphery of each Friction 


Wheel will juſt balance the Friction of their 
5 3 Feyets, 


l 
Pevets, requiring in the whole a Force of 
twenty pound; and conſequently a Force of 
but two pound on the handle at e, being 
the diſtance of ten Semidiameters from the 
Center of the Axis, will generate a Power in 


the Circumference or at the Vertex of each 
Friction Wheel equal to ten pound; ſo that 
the great Wheel which at firſt, without 


raking off the Friction, required a Force of 
200 pound acted on the handle to turn the 
fame, will now be turned (by means of 
the two Friction Wheels) with a Force of but 
little more than two pound, e 


RI CTION. 


BY the Crean Example - it plainly ap- 

pears that the Friction will be diminiſh- 

cd more or leſs according to the Dimenſion 
of the Pevet or Friction Wheels, and the Di- 
minution would always be exactly in the 
ſame Proportion as the Diameter of the Fric- 
tion Whcel's Axis in the Pevets is lels than the 

Diameter of the Friction Wheel; was there 


not ſome allowance to be made for acciden- _ 


tal Friction both in the 1 bearing Line and in 


„ 


(9) 


the Fulcrum Line; which latter may be made 
| Imperceptible by the Axis of the great Wheel 
turning againſt two little Wheels (in the room 


of a dead Surface) placed between the Fric- 
tion Wheel and the Stand, and the Shoulders 


"of. the Axis may have their Friction taken 
off by their bearing againſt the inſide of the 
ſaid Fulcrum Wheels as the Figure repreſents: a 
and it is further obſervable, that Wheels in 

turning each other, bearing on each other in 

different quarteis, or, as the ſaid bearings 


are more or leſs under or over the Plane of 


the Horizon, will vary the bearing of their 
Pevets on different quarters of the Groove, 
Trench, or Socket in which they turn round; 
and conſequently. in order to reduce the 3” 
Friction, the Pevet Wheels muſt be placed 
accordingly: in ſhort, if there ſhould be oc- _ 
caſion, the Axis of the Wheel whoſe Friction 


” s to be taken off may turn between four Fric- 


tion Wheels, that is, one over, one under, 


and one on each hide, a as the Engineer {hall 
ſce occaſion. 9 : 


CG EXAMPLE 


(10) 


i UPPOSE in Figure i; * Plate 2. the 
Pevets of a great Wheel to reſt each 
e them on the Vertex of two Pevet | 
Wheels at à and 5, and the Pevets of each 
of theſe Friction Wheels to reſt on the Top 
or Vertex of two other Friction Wheels at c 


x and ö and at e and |; the Friction Wheels 


c and d, and e and f, having each two, 
one common Axis, and the Diameters of theſe 
double Wheels muſt be a ſmall matter larger 


os than the Diameters of the upper Friction 


Wheels, in order to prevent the upper Wheel 


from touching the Axis of the lower double 


Wheels; and the Axis of each double Wheel 
is here ſuppoſed to reſt on the tops of two 
bother ſingle Friction Wheels at g and h, and 
the Pevets of the latter are ſuppoſed to reſt 
on a dead Surface, and their Diameter a ſmall 
matter larger than the double Wheels, that 
they may turn clear of the Axis of the lower 
Friction Wheels; and then ſuppoſe the great 


Wheel to weigh 2000 or a tun, and to be 


turn'd by the handle at 2, at the diſtance of 
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611) 
ten Semidiameters of the Wheel's Axis from 
its Center; and conſequently if the Pevets 
were to reſt on a dead Surface, according to 
the firſt Chapter, it would require a force of 
200 weight to turn the ſame; but the great 
Wheel being wholly ſupported by the Pevets 

of the two lower Friction Wheels at , and 
k, and J, and vn, on a dead Surface; and in , 
order to eſtimate the diminution of the Fre 


tion, firſt the largeneſs of each Friction Wheel 5 


muſt be duly conſidered; that is, how many 


times its Axis in the Pevets is contain'd in the 


Diameter of each Wheel, which here I will 
5 ſuppoſe to be twenty times; and then ima- 
gine the whole weight of the great Wheel to 

reſt on the Pevets of one of the lower Fric- 


tion Wheels, which ſuppoſe at , and &; fo 


that according to the firſt Chapter, the faid . 
Friction Wheel (preſſing on its Pevets at the 
rate of one tun) a Power acting any where in 
its Circumference of a hundred pound will 


turn the ſame, which Power of a hundred 


pound ſuppoſe to be acted at 2 , by the turn 
ing of the double Wheel's ASK which Power 


| of a hundred i in the Axis will be generated 


any where in the Circumference by a ſorce 


1 five pound, which force of five pound : 


"SO { hip Will 
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ken Semidiameters of the Wheel's Axis from 
its Center; and conſequently if the Pevets 
were to reſt on a dead Surface, according to 
the firſt Chapter, it would require a force of 
200 weight to turn the ſame; but the great 
Wheel being wholly ſupported by the Pevets 
of the two lower Friction Wheels at i, and 
k, and J, and n, on a dead Surface; and in 
| order to eſtimate the diminution of the Fric- 
tion, firſt the largeneis of each Friction Wheel 
muſt be duly conſidered; that is, how many 
times its Axis in the Pevets | is contain'd in the 
Diameter of each Wheel, which here I will 


ſuppoſe to be twenty times; and then! ima- 


gine the whole weight of the great Wheel to 
reſt on the Pevets of one of the lower Fric- _ 
tion Wheels, which ſupp ole at i, and %; ſo 
that according to the firſt Chapter, the 12 
Friction Wheel (preſſing on its Pevets at the 
rate of one tun) a Power acting any where in 
its Circumference of a hundred pound will 
turn the ſame, which Poiver of a hundred 
pound ſuppoſe to be acted at g, by the turn- 
ing of the double Wheel's Kiln which Power 
of a hundred in the Axis will be generated 
any where in the Circumference by a force 
of. hive pound, which torce of five pound 


5 l will 
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Will be performed at c and d, by turning the 
Axis of the upper Friction Wheel, which 


force will be generated in the Axis by a POwWw- 


er of = of a pound, ated any where in the 
Circumference, which force will be generated 
Ak , by turning the great Wheel's Axis by a 
force of but + of one pound acted on the 
handle at 2, 1 5 that by this means of three 
Friction Wheels turning under the Pevets of 
the great Wheel, the force of two hundred 
pound that was required to turn the nm 
Wheel reſting on dead Pevets, can now be 
performed by the force of but = part of one 
pound, which | is but the —— ot 200 and conſe- 


quently if the Wheel inſtead of two thouſand 
pound had weighed eighty thouſand or torty 
tuns, according to this reduction of the Fric- 
tion, the ſaid Wheel would be turned by a 
force (ated on the handle) of but one pound ; ; 

ſo that whatever number of Pevet Wheels are 

propoſed i in order to reduce the Friction, it 
will be very eaſy to determine how far the 

ſaid Friction! is reduced thereby by the fol- : 


ling rule. 


| "= 18. Firſt find the Ratio or Quotients of 
| the Diameter of each! Friction Wheel divided 


by 


. 
by the Diameter of its Axis in the Pevets, 
and then (if but one Friction Wheel is con- 
cerned, the Quotient will be the Denominator 

of a Fraction) multiply the ſaid Quotients one 
into another, and the laſt product will be the 

Denominator of a Fraction, whoſe Numera- 

tor muſt be the great Wheel's Friction, ſup- 

poſing its Pevets to turn on dead Surface; 
that is, here in this example the Friction of 
the great Wheel by the firſt Chapter is two 
hundred pound, and the Quotient of each. 

Pevet Wheel, divided by the Diameter of 

their Axis, is twenty, which multiply'd one 

into the other, produces eight thouſand for 


he Denominator; whoſe Numerator is two 


f hundred, which Fraction is 588 which redu- 
ced to its loweſt Denomination i 3 or x of 


one pound. 


- REFLECTION: 


By this method of reducing 1 Friction 
by means of {ev eral little Pevet Wheels, we 
avoid the charges of two very large Wheels. 
As for inſtance; ſuppoſe the aforenamed Fric- 
tion Wheels were each of them twenty inches 

3 Diameter, 


( 14) 
Diameter, and the Diameter of their Axis i in 
the Pevets is one inch, then by the foregoing 
rule the Friction (by multiplying the Quoti- 
ents one into another) is reduced thereby, the 
ſame as if the Pevets of the great Wheel were 
to turn on two Friction Wheels of eight thou- 


ſand inches Diameter, which is equal to fix _ 


hundred and fixty fix foot, an impracticable 

largeneſs for one Wheel; or by a number of 
theſe Friction Wheels, the advantage i „ the 
_ ſame as if it were poſſible to cauſe the great 


| Wheel to turn on an Axis, no greater nan ---: 


the ſmalleſt needle, or very {mall wire: And 


conſequently Engines compos 'd of the largeſt 


and moſt heavy Wheels will now be exerciſed _ 


by very ſmall Powers; that 1 is, the moſt ſim- 
ple Engine will require a third leſs Power 


than uſual, which will be a great ſaving of 

charges where many Wheels are concerned: 

And further, where many Friction Wheels 
are concerned turning one under the other, 

accidental Friction ſeems to vaniſh, being no 

more able to obſtruct, but in the Pevets of 
the two lower Wheels. e 


W 


7 
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COROLLARY I. 


LL Pullies and al forts of Blocks aſd " 
at Sea may have the Friction of their 


Trucks or Sheaves greatly diminiſhed by one 
ſingle Friction Wheel lying under each Pevet 
5 of Weir Axis, of which I ſtall give examples 


of the moſt practicable methods of perform- 
ing the ſame. . 


Ex p LE In 


” 7 take of FE Friction of the Truck 1 any - 


1 . Block. 


8 all ts. in \ bee to leſſen the Fricti- 


on of their Trucks, the wood part or 


body thereof may be in the form of an Ob- 

long, with the corners made round, and the 

5 ſides truly flat, as appears in Figure 2. ff 
Plate the 2d; which Blocks, and all. others 


for this purpole, x: propole to be ftrap'd with 


fron, or to be circumſcribed with an Iron 
Plate, with two Joynts, at e and h to be faſt- 


enech 
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ened with a Screw at the end of the Block at 
a, and on the Sides, whereby the Block will 
be kept ſteady | in the Strap, and the Strap 


muſt project a convenient diſtance from each 


9 8 fide of the Block, on that end oppoſite to the 


Strap Or Loop- end of the Block, in order to 


give room for the Friction Truck or Wheel 


to turn freely on each ſide thereof; Which 
Friction Wheel muſt have one of its Pevets 


do turn in the Iron Strap, as at &, and the o- 
ther in a metalick Nut fixed on the ſide of 


the Block, as at þ: And the Diameter of the 
aich Friction Wheels or Trucks F propoſe to... 


be about half the Diameter of the Truck in 
the Block, and the ſaid Trucks to be applied 


7 making any great Purchaſe may be of caſt 


Iron, or of Braſs, or for common ſervice they 
may be of Wood; but then the Friction 


Trucks muſt be hone? d with Iron, and their 


Axis, together with the Axis of the great 


Truck or Trucks in the Block, muſt be made 
of good verought Iron, and the ends thereof 
may be pointed with Steel; and the Axis paſſing 


through the Block ſhould be made round and - 
| juſt, exactly to fit the Hole in the Truck, 


which on each fide thereof muſt have Col. 
lars for keeping it ſtcady, and from robbing 
3 on 


1 177 
on her fide of the paſſage : ; and that the 
ſaid Axis may have no other rubbing or de- 
pendance than on the Friction Trucks, the 
hole in the Blocks muſt be bored ſomething 


larger than the Diameter of the Axis, which _ 
muſt paſs through the Block, and each end 
thereof muſt bear on the top pF each F riction 


Truck, and muſt be continued long enough, 


juſt to touch the inſide of the Iron Strap, 5 


where it muſt turn between two Checks, ſerv- 
ing as Fulcrums to the Axis, in order that 
the motion may be exactly ſteady, and to 

n che wearing any pour” of the Block. 


EXAur EE II. 


3 7 0 tals off the Frietion of the Truth if double 


reelle, or quadruple Blecks &c. 


L Fi igure 3. in Plate : 2, PR a Block 
having four Trucks, which Block muſt 


be made with partitions between each Truck 


as COMMON, in order to prevent the Rope 


from ſlipping on one fide or the other; which 


Block, for the ſame reaſon given in the firſt 
Example, muſt be bored through with an 
D Augar 


(18) 
Augur ſomething larger than the Axis; and 
the ſaid Axis before it is drove through muſt 
be made exactly to fit each Truck, and muſt 
come through the Block as befotementicond” 4 
to reſt on the top of the Friction Wheels, 
which, together with the Iron Strap, muſt be 


in every reſpect the very ſame as deſcribed in 


the firft Example; ſo that the four Trucks 
muſt have one common Axis, which will turn 
round with the Trucks, which it will likewiſe 
do even if the ſaid Trucks ſhould chance to 
wear looſe on the Axis; all which methods. 
will be performed with the leaft trouble and 
the leaſt expence; and may be applied with. 


55 great advantage awd eaſe of Power to all ſorts 


of Tackles, Snatch Blocks, Jear Blocks, &c. 
and all kind of Blocks where their largeneſs 


and weight may not be objected againſt; 


which will be of particular advantage to all 


Merchant Ships that covet to fail with the few- 
5 ft hands. 


COROLLARY 
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COROLLARY Il 


Concerning all vibrating Motions. To 


- An vibrating Motions, ſuch as che N 


dulum and the Balance, not requiring 


their Axis to turn quite round, may have the 
Friction of their Pevets reduced to the loweſt 
degree of perception without the uſe of Fric- | 


tion Wheels, or inftead thereof, the Axis of 


the Pendulum or of the Balance may turn on 


a ſmall Sector of a Circle; and the Center 
end of the faid Sector may "reſt and turn on 


the Arch of another Sector, and fo on til! 


the Friction ſeems quite to vaniſh ; whereby ö 


3 Balance may break with the leaſt quantity 


of Matter that can be power; Se. 


ETAurIz J. 


07 diminiſhing the Friction 7 a Pendulum by 5 
the application 77 a / * Sector. 


Fig. gure 1. of Plate 45 repreſents a double 
Pendulum with a Wheel fixed in the 


D 8--:- -- ade 


middle of its Axis for working of two Pumps 
by two Cranks fixed on the Pump Spears, as 
the Figure repreſents; and this Pendulum is 
ſuppoſed to be loaded on the ends thereof at 
a and 3, and the ends of the Axis at e and d, 
have each of them a little Wheel fixed there- 
on, which little Wheels muſt reſt on and turn 


on the Arches of two Sectors divided into 


Teeth for that purpoſe: And that the Friction 
of the Pendulum's Axis may be moſt effectu- 


ally taken off, the Radius of each Sector ſhould 


be full the length on the Stands on which the 
Pendulum doth vibrate, ſo that the Center 
of each Sector muſt be fixed at the lower end 


of each Stand as appears ate; and the ſame . 


may be ſuppoſed on the other ſide, whereby 
the Friction of the ſaid Pendulum is as effec- 
5 tually taken off, as if the Pevets of its Axis 
were to turn on the Vertex of two large Wheels, 


whoſe Radius is equal to the Radius of the 


Sectors, which Wheels would take up much 
room, and in reference to the Sectors will be 


very — 
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( 21 ) 
; EXAMPLE II. 


Fi gure 2. of plate 4 repreſents a large Mer- 


+ chant's Scale or Balance for weighing of 
bulky or heavy Goods, which Scale, for the 


more convenient moving it from place to 


place, may have four Trucks fixed on the 5 
bottom Plank or Board: And there muſt be 


a paſſage between the upright Stands or Beams 
large enough for the Beam of the Balance to 


vibrate up and down; which Balance Beam 


I ſuppoſe to be eight foot in length, and to 
_ on an Axis of one inch Diameter, hav- 
ing little Wheels fixed on the Pevets or Ends 

of the ſaid Axis of two inches Diameter, to 


admit of being divided or cut in their E 
: cumference, in order to receive the Teeth 
cut in the Arch of the Sectors, as appears at 


a, (and may be imagined the ſame on the 


bother fide of the Stand) the Radius of which 


Sector I propoſe to be halt the length of the 
Stand which is here ſuppoſed ſeven foot, ſo 


that the Radius of the ſaid Sector will be 


three foot and half, which is to reſt and turn 
on the top of another Sector of the ſame Ra- 


: GBs... 


622 


dius, by means of a little Wheel fixed on the 


end thereof of two inches Diameter (the ſame 


as on each end of the Axis) which little Wheel 


muſt have a hole through its Center for an 


iron Pin to come through from the Stand 


where it muſt be fixed, to ſerve as a Fulcrum 


for the Sector; ſo that the hole muſt be cut 


longways, that the Sector may have no other 


— 


reſting place than on the top of the other 
Sector, as appears at &; and laſtly, the lower 
Sector muſt turn on its Axis reſting on a dead 
Surface, which Axis I propoſe to be fix tents 
of an inch Diameter; and by a ſmall number 
af theſe Sectors placed i in this manner under 
each other, the Friction of any Balance will 
be imperceptible, as may be eaſily underftood f 
| 17 che following caleulation. OG: 


Fs. Suppoſe n this great Scale it was 


demanded to weigh a hundred pound weight 
of ſilver, and to know what quantity of 
weight will break the Scale from one fide to 
the other, when brought to a Balance with 
the aforeſaid weight : To know which, firſt 
it muſt be conſidered that the Axis will then f 


preſs on its Pevets at the rate of two hundred 
pound Troy, or two thoufand four hundred 


6 dounces: 


(23) 
' ounces : And according to the firſt Chapter, 
the acting diſtance being four foot, contain- 
ing forty eight Semidiameters (being one inch) 
of the Axis, the Friction thereof (ſuppoſing 
the Axis to turn on a dead Surface) is equal 
to fifty ounces; but the Ratio between the 
upper Seaor being forty two inches, and the 
| Radii of the little Wheel being one inch, 
gives forty two for the Quotient ; and the 
Ratio of the ſecond or the lower Sector being 
three foot and half, or forty two inches long, 
and the Semidiameter of its Axis being but 
three tenths of an inch, the Quotient is a 


hundred and forty, which: Quotients multi- = 


| plied one into the other, gives 5880 for ths 
Denominator, having fifty ounces ; the dead 


Friction for the Numerator or 5255 or * 3 


demonſtrates that four grains and. O08 of one 


a grain is ſufficient to break the Balance, when 
a hundred pounds Troy is contained in each 
Scale, which method of cancelling the Fric- 


tion will be uſeful in all other vibrating Moti. 


ons, too many to be here enumerated. 


COROLLARY: 


( 24 ) 


8 COROLLARY Il. 
Concerning the Method of cancelling. the Fric- 
tion of all 1. Heel n 


"ROM the diſcovery of cancelling the 
Friction of any Wheel, great advantages 


will accrue thereby in all Wheel Carriages; 


for the whole weight of the Coach, Cart or 


Waggon, &c bearing on the Pevets of their 
Wheels, the ſaid Wheels have no other diffi- 


culty or obſtruction to hinder their turning 


round, than what is occaſioned by the Fricti- 

on of 1 Pevets, which will conſequently 
be more or leſs, according to the weight of 
the Coach, Cart or Waggon preſſing there- 


= ” which having no other effect than if the 
pf Wheels were loaded in their Circumference 


with the aforeſaid weight of Coach, Cart or 
Waggon, the Obſtruction or Friction cauſed 


thereby, or the Draught that will be enqui- 


red of the Horſes on a Plain, will be limited 
by the rules given in the firſt Chapter, and 
the ſame will be diminiſhed or cancelled by 
the methods in the ſecond Chapter, which 
8 wot en 
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025) 
may be clearly underſtood by the een 
example; ſhewing the manner of taking off 
the Friction of the Wheels of a Country 
= Dung-Cart, in which manner it is propoſed 
ZT 5 to take off the Friction of TOY other Wheel 
Carriage, 
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EXAMPLE. 


IN N to cancel the Pridion of the 
5 Wheels of any Wheel Carriage, the Wheels 
. Won not only turn on the ends of their Axis — 
as uſual, but the Axis muſt alſo turn with te 
Wheels; and the faid Axis, to avoid any 7 = 
Friction by the turning thereof, muſt not 
touch any part of the ſides or bottom of the = 
Machine, but only muſt bear on the Nadir 
Points of two little Wheels, which muſt be 

fixed to the fides of the Cart or to the Carri- 
age of any Coach, Chariot, &c. which Fric- | 

tion Wheels muſt turn between two Cheeks : 
of Wood, having one end of its Axis to turn 
in a Nut fixed on the inner Cheek, and the 
other in the outer; ſo that in reality the ſaid 

9 3 Axis 
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( 16 } 
Axis of ke Friction Wheels mult. bear the 


Whole weight of the Cart, &c. and the Load 


contained therein reſting laſt of all on the 


top of the great Wheel's Axis, which may be 
feen at a, in Plate 4, Figure 1; and the ſame 
is to be imagined on the other fide of the 
Cart. The Diameter of the Friction Wheels 
. Trucks for common uſes need not exceed 
two foot; and their Axis, which ſhould be 
of iron, need not exceed an inch Diameter 
in the Pevets, whereby on a Plain a Horſe 
will be able to draw about twenty four times 


greater Load than common, which will very , 


much leſſen the expence of the Carriage of 

all heavy Goods, &c. and will be of particu- 

lar ſervice in the Artillery, in ſuch Carriages 
where heavy Cannon is required to be drawn, 
where it would be requiſite to apply two 

Friction Wheels to each Pevet of the r 
Wheel. 


REFLECTIONS. 
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R E 17 LECTIONS. 


B cannot be expected that the advantage 
gained in leſſening the Draught of Hor- | 


fea can fall preciſely under the rule given in 


the ſecond. Chapter, except on plain and 


hard ground, but (by taking off the Frie- 
tion) on rugged and dirty roads, and ac- 


cording as the ſaid dirt is more or leſs Riff Or | 


clay-like, the advantage that was before gain- 

ed will be very much abated : And 1t will be 
more conſiderably ſo in going up ſteep Hills; 
where in going up a Hill of the common ſteep- : 
neſs reckoned practicable for Wheel Carriage, 
it has appeared by experiment, that a Horſe 


which on plain ground could draw twenty 


fcur times more than common, could not 
draw more than double the uſual Load in 
going up ſuch a Hill; that is, the ſteeper the 
Hill, che leſs weight will reſt on the Wheel's 

| Pevet, and the remaining weight will draw 
back againſt the Horſes; ſo that to know the 
true Draught that will be required in drawing 


5 MP: a Ker Hill, it muſt be oonſidered at what 


£2 rate 


28) 
rate Gravity will draw againſt the Horſes, 
and then the Friction of the. remaining weight 


muſt be calculated according to the Rules in 


the firſt and ſecond Chapter, which obſtruc- 
tion by Friction muſt be added to the weight 


that Gravity draws down Hill, which Sum 
will limit the true Draught that muſt then be 


performed by the Horſes; ſo that when the 


Hill is of ſuch a ſteepneſs as for Gravity to 


pull back at the rate of half the weight of 


the Machine, it will then require two Horſes 


in the ſtead of three, that may be required 
according to the common way of Drawing, 
without cancelling the Friction; which miſ-— 
fortune and charges in requiring ſuch exceſs _ 
of Power in drawing up Hill, is too viſible to 
all that make uſe of Wheel Carriages ; ; and 
| therefore it may not be impertinent to make 
mention of the common ſhifts that are made 
by countrymen on this occaſion, viz. in draw- 
ing of Stones, Marle, Coal, and various dreſ- 
ſing and gooding for Land, they cauſe ſeve- 
ral Carts, Wains, &c. to go in company, in 
order when they come to a ſteep Hill or a 
Bank to apply the whole number of Horſes 
we occaſion {hould 2 hy to one Cart, Sc. till. 


the 5 


(29) 
the whole et of Carts, &c:. are drawn 
up the faid Hill or Bank; but leſt one Man 


ſhould not be able to employ many Horſes, 


or that neighbours may not agree to aſſiſt 


cach other, it will be neceſſary to propoſe ſome 
other expedient. 


"Fr 12, In Figure 2. in plate 4. e to 


be on the top "of A- ſteep Hill or a Bank adja- 


cent to a Quarry, and a Cart to be at the 
bottom thereof, which with 5 heavy Load 
may not be practicable in the common way 
to be drawn up, I ay then in ſuch A caſe It. 
will be neceſſary to make uſe of a Wind- 
tackle, or a Winding-tackle, the which muft 


be faſtened, the one end to the Cart, and the 


bother end at B, on the top of the Hill to a 
Peodoſt, or two Poſts on each fide of the Road, 
drove into the ground for that purpoſe (which FD 

may alſo be done at any other bad ſtep = 
the Roads) and then the Horſe or Horſes 
clapt to or made faſt to the Fall, will be able 


each ſingle Horſe to draw as mack. as a large 


Team; and ſtill the more to obviate the ſ. fd 
Draught, the Blocks of the faid Tackle may 
haue the Friction of their Trucks taken oft, as 


before 


( 30 0 
before directed, which Tackle will be but of 
ſmall charge, will laſt long, and will take up 


but little room in Carriage; and I ſhall on 


add, that where ſuch Poſts are not drove, 
their uſe may be ſuddenly ſupplied by carry- 
ing a pair of iron ſpiral Screws, with eyes in the 

ſame fortaking in a Hook, which Screws be- 
ing like that of a Cooper' s, may eaſily be 


ſcrewed into the ground, remembring to ſorew _ 


them ina ſtreight Line with the Draught or Car- 
riage. And before I conclude, it may be proper 
to make mention of the reaſon why I propole 
the great Wheels to turn on the ends of the 
Axis as uſual, and not to be fixed thereto, 

\ which indeed is of no uſe, but only when the 
Coach, Chariot, &c. is to make a ſhort turn 
from one Street or Lane into another, or ſud- 
denly to croſs a Road; for then if the Wheels 
were fixed on their Axis they could not turn 


round, but would drag on the ground, which 


would be a great ſtrain to the Off-Wheel, and 
alſo to the Horſes; whereas they being made 
to turn on the ends of their Axis, the Off- 
Wheel will be able to turn while the other 
ſtands ſtill, or one can be turning forward 
while the other is going back; and laſtly, 

| ” | in 


31) 


in going up a ſteep Hill, that the Horſes may 
not be affected by the Machine's drawing back, 
a little Wheel is fixed on the Axis with two 
Palls or Catches, as occaſion ſhall require, the 
one let fall in going up Hill, the other in going 
down, to prevent the Horſes from being 
preſs d forward; or in common labour a Drag 


may be uſed going up Hill, and in going 


down, one of the hind Wheels may be laſhd, 


or hindered from turning as uſual, 


- 4ADVER- 


63. 
ADVERTISEMENT. 


XN trial of & Coach f. * of People, hav- 


; off, as before explained (which was perform- 
ed by two ordinary Horſes travelling full 
thirty ſix miles in à bad road, within the 
ſpace of ſeven hours) I found where the 
road was even that the Braces were ſcarce 
ever ſeen to be drawn tight; but on the 
Coach's leaning conſiderably on one or 
the other fide, the Draught of the Horſes 
did appear to be conſiderably greater, the 


which was occaſioned purely by the rub- 


bing of the Shoulders of the Axis on the 
Checks, there being then a dead Bearing or 


Surface; and therefore I contrived a remedy 


for the ſaid Obſtruction in the manner as 
follows. 


7 18. e (n Plate 4, Figure 3 as 
to repreſent the Axis of any two Wheels be- 
longing to ay Coach, Chariot, Cart, Sc. 
ond 


ing the Friction of the Wheels taken 


(33) 
and the perpendicular Friction Wheeels for 


taking off the Friction of the ſaid Axis, oc- 


caſioned by any Weight that preſſes right 


La an Ho 


_ downward, is repreſented by i and &, and 


the Friction Wheels moving horizontally at 
e and, ſerve to take off the Friction of the 
Shoulders of the Axis at c and d, that is, 
whenever the Coach, & c. does happen to 


lean on either ſide; which ſuppoſe towards 


3, then will the Shoulder at c, bear hard on 
the Friction Wheel at e, which will turn 
round with the ſame, while the other Shoul- 

der at d, will have no bearing; or the ſaid 

Shoulders (at and d) if it ſhould be thought 


maoſt convenient, may as well be placed n 


the other ſide of the horizontal Friction 


Wheels (at e and 2 And further, as a 

ſaving of charges, one horizontal Wheel 

may ſupply the uſe of two, as appears by 
the Axis G H, in Figure the fourth, where 
the faid Wheel turns between two Shoulders 


at i and 4, which Shoulders in this caſe will : 


be moſt conveniently placed in the middle 


| of the Axis; in the fame manner as may | 
likewiſe be ſcen at c d, Figure the ſecond 3 
Plate the lch being the e of a Coach, 


. 1 where 5 


2 Cat 2 — - 2. 3 Wer 
= — : 


— 
4 5 TILE) 8 — 4 5 En 3 2 
Po —— * — — — . — — — 
; = K — 2 a ** PETTY gov r 


L =p - de 3 ä 
ae EUR . Br 
2 — + 1 - — 2 ? 5 
: is . 5 k 
3 z 8 e 
N „ — > * 
. Y a : 
—c. * — 4 N Ky 


(34) 
where A is ſuppoſed to be the kind and B 
the fore perpendicular Friction Wheels; the 
firſt is propoſed to be about two Foot Dia- 


meter, and the other to be one Foot and a 


half, both of which may be made of Wood, 


and hoop'd with Iron, with Iron Axis's, and 
their Pevets to turn in Bell-Metal Nuts or 
Coggs; but the Horizontal Wheels being 
dee 17 are propoſed to be of caſt Iron, 
Braſs, or Bell-Metal; and to prevent their 
clogging with the Dirt of the Roads, they may 


be covered Wilk Leather, or be caſed with 
| thin Wood. 


Figure the firſt & Plate the filth, ſhews 


| hs form of a Waggon, by which Figures, 
together with that of the Cart, it is caſy to 
x judge of the nature of all other Wheel Car- — 
riages on this principle, and therefore needs 
no other examples; only it will be neceſſary 
do obſerve, that the Axis of the Great Wheels, © 
when their Pevets wear looſe in the Nave, will 
require thereby an encreaſe of Power to draw _ 
the Machine, occaſioned by the Weight that 
hes on the top of the Axis at certain intervals, 
which makes it fall down and ſlide backward 
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in the ſaid Nave, whereby the ſaid Axis then 
turns counter, or in oppoſition to the Motion 
of the perpendicular Friction Wheels ; the 
which may be prevented by means of a Pin 
contrived to faſten the Axis to the Nave, 
which may ſo remain during the time that 
the Coach is to drive in a ſtrait Road, and 
may be taken out in turning ſhort, or out of = 
a ſtiff and deep Rut; but it will be leſs trou- 0 
bleſome to cauſe the Avis in the Nave conti- — 
nually to turn pretty ſtiff, which may be per- 

formed by means of Pp: fixed in the 
a Iron Boxes. 5 
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An Eftimats of the Advantages that will accrue 
to the Publick, by means of Cancelling the 
Friction of the . beet, Oi — 
Pendulum, &c, 


S I have no other deſign but to make 
this Calculation conſiderably within va- 


. fo will 1 only compute the ſaving in 
| Wheel Carriage, (by means of diminiſhing 
the Friction) only in drawing up Hill (without 
the additional help by the Wind Tackle) 
which is about two for one; that is, one 
Horſe will draw as much as two. in the com- 
mon way: And then ſuppoſe the labour of a 
| Horſe to be valued at one ſhilling and fix _ 
pence per day, and that forty thouſand are 
employed in this Kingdom in Wheel Orr. 
age, there will conſequently be a gain in 
the whole of 1,095,000 pounds per annum, 
or 3000 pounds per day. But as one Horſe 
now will do the labour 1 two, I will ſup- 
poſe that there will be occaſion to employ 
only twenty thouſand, and conſequently the 
| expence of twenty thouſand Horſes, allowing 


4 e * the 
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the keeping of a Horſe one with * 


in town and country to be ten pounds 
annum, then that Deficiency will be a op 


of two hundred thouſand pounds; and what 


will be gained by the labour of the remaining 


twenty thouſand, Pre ferable to what 1 18 com- 


mon, will be 547500, which added to two 
hundred thouſand pounds, makes in the 


whole, according to this ſecond Calculation, 
747500 Per annum which is the loweſt Cal- 
culation. But though I make this Calcula- 
tion to make the advantage appear leſs for 
the Publick than it really 1s, I am very far 
from thinking that there will be occaſion 
for fewer Horſes than at preſent, but rather 


more; for now great numbers of Mines will 


be worked more than at preſent, and ſuch as 


were not practicable before, by means of their 
remote diſtances from Water, and the poor- 

neſs of the Ore; ſo as the Carriage to Mills 

and Water for cleaning the ſame eat up the 
profit, will now be carried on Wheel Carri- 
ages at a vaſtly cheaper rate than hitherto ; 


and conſequently there will be a greater De- 


mand for Horſes than at preſent; only I _ 
1 muſt own that chere will not be occaſion to 


employ 


(38) 


employ fo large and heavy Horſes as com- 
mon; for the Draught that is now required 


being conſiderably leſs than uſual, we 


ſhall want Horſes for Speed | more than 


Draught. 


And again, All freible Engines where 


Wheels, &c. are concern'd, the moſt ſim- 
ple ones, by means of Friction, require a 
third more Power than will otherwiſe be need- 


ful; ſo that if within this Kingdom we ſup- 


poſe all the charges in working the various 
ſorts of Engines employed in Mines, Coal- 
Pits, Mill-work, &c. to amount to fix hun- 


dred thouſand pounds her anmum, then the 


Savings, by taking off the Friction, will be 
_- two kandred: Rl RY pound, which added. 
to 747500, makes in the whole 947500 per 


annum : Beſides being able to carry Dang, 


and all forts of Dreſſings for Land ſo much 
cheaper than ordinary, great quantities of 
barren Land will now be made fertile, which 
the great charges by the common way of 


5 RE” hath hitherto rendered — 
cable. 
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